event, and a sort-extract feature can pull out critical items such as all tasks, with 
the same 'float' value. For those programs which accept non-numeric inputs, print 
outs with descriptive labelling are available. And for program packages with PERT 
features, the user can determine the probability of meeting a scheduled project 
deadline, based on statistical evaluation of the averaged durations and variances 
furnished at input. A program module furnishing this probability computation 
has been applied by General Learning Corporation to the critical path of the 
Secondary Education Complex project. 

NETWORK UPDATING 
DYNAMIC PROJECT CONTROL 

The print-out options available from various computer networking packages will 
give the project director and the agencies and contractors involved a thorough 
going initial basis for scheduling and rationalizing the entire project effort. 
However, in the course of even a moderately long project, changes will occur 
in the point-to-point timings, in the level of network detail needed at various 
key points, and even in the task/event relationships initially envisaged. 

By posting network changes both to the input documentation sheets mentioned 
above and directly to the working visual network, the project director can furnish 
'live' inputs with which the computer can update the network tabulations 'in real 
time'. The importance of event numbering keyed to centers of responsibility and 
spaced sufficiently to permit additions and deletions becomes evident at the point 
of updating. In addition to revised tabulated print-outs developed during the 
computer update run, PERT-type programs can furnish current estimates of the 
probability of meeting deadlines, based on the three timing estimates associated 
with the new update inputs. At the time the project network is first set up, the 
project director and those responsible for major project activities should define 
the reporting and communications linkages required to keep in step with the 
project network and to update it. Project communication and control can be based 
on selective dissemination of computer network outputs, for example, and update 
reporting and status information can be documented in a format such as that used 
in the Secondary Education Complex project. 

In following the guidelines suggested in this discussion and in relating the 
detailed computer networking techniques which he implements to the broader 
aims of coordination and project completion, the project director will find the 
generic model a 'working partner' in creating new facilities for the Boston Public 
Schools. 
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A visual, as well as verbal, description is 
presented of the process by which an educational facility was planned 
and built in Poston. The graphic display of the generic process 
represents specific considerations regarding— (1) the developaent of 
a capital improvement program, (2) site selection, acguisition and 
©reparation, (3) educational planning, and (4) design and 
construction. Also included is a description of the implementation of 
the generic model display network using a critical path method 
computer program. By utilization of these techniques, agency tasks 
can be superimposed on the work days of a calendar year; and the 
exchange of ideas, information, and decisions at the proper time can 
be assured. (vS) 
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an educational facility is built in Boston. 
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Introduction 



The Educational Planning Center, charged with the responsibility for preparing the outline of 
educational requirements for the 5,000 student Secondary Education Complex in Madison 
Park, identified a need for techniques which allowed them to determine those discrete 
elements and events which are essential to the process of planning and constructing new school 
facilities in the city of Boston. Through investigation and analysis undertaken by the Educa- 
tional Services Division of the General Learning Corporation, the solution evolved into a 
graphic display of the generic process with an overlay to represent the specific considerations 
for the Secondary Education Complex (SEC). With the creation of this system, events such as 
community involvement, interagency cooperation, site planning, educational programming, 
design and construction can be expedited on route to a projected school opening for the SEC 
in 1972. 

The tasks to be completed for every educational facility include: I. the developmertt of a 
capital improvement program; II. site selection, acquisition and preparation; III. educational 
planning; IV. design and construction. When a capital improvement program exists, the three 
other categories are the responsibility of different agencies and can be carried out concurrently. 
With the existence of this display network, which has been adapted to a "Critical Path Method" 
computer program, the tasks for each agency can be superimposed on the work days of a cal- 
endar year and the exchange of ideas, information and decisions at the proper time will be 
assured. 



The information following was compiled by the General Learning Corporation with the advice 
of Mr. William Pear of the Public Facilities Department, and the staff of the Educational 
Planning Center. Other advice was sought from community organizations, such as the Model 
Cities Neighborhood Board and the Lower Roxbury Community Corporation, as well as from 
the Boston Redevelopment Authority Project Director for the Madison P^rk Urban Renewal 
site. 







long range planning 

The Boston School Committee has a mandate under the Racial Imbalance 
Act, Chapter 641 of the Acts of 1965, to provide annually, upon being so 
notified, a plan to correct racial imbalance which may be found to exist 
by the State Board of Education. The Public Facilities Commission is re- 
sponsible for a ten year capital improvement program which may if it 
chooses utilize the racial imbalance plan. This process is described visu- 
ally on the display network with further explanation on the following 
page. 
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SECTION III of Chapter 642 of the Acts of 1966 



It shall be the duty of the Public Facilities Commission: 

а. To prepare and from time to time amend a long-range 
capital improvement program designed to provide the 
necessary structures, facilities and equipment when needed 
or as soon thereafter as the conditions and adaptability of 
buildings then existing, the expected availability of build- 
ings then being constructed and the financial resources of 
the city will permit. Such program shall specify the capi- 
tal improvement projects to be undertaken in the ten 
years immediately following the year in which such pro- 
gram is prepared, the estimated cost of each such project, 
the proposed commencement and completion dates thereof, 
and, to the extent practicable, the proposed or alternative 
sites therefor. 

FUNDING PROCEDURE FOLLOWING THE DEVELOP- 
MENT OF AN IMPROVEMENT PLAN BY THE PUBLIC 

FACILITIES COMMISSION 

1. Public Facilities Director prepares annual budget request 
and annual loan order for undertaking capital improve- 
ments program. 

2. Public Facilities Director submits annual budget and loan 
order requests to the Mayor's office prior to the first Mon- 
day in February. 

2a. If this date has passed and additional funds are needed 
during the year the Director will prepare a supplementary 
appropriation request and submit this to the Mayor. 

3. Mayor approves budget or loan request or supplemental 
appropriation requests and submits orders to the City 
Council. 

4. The City Council has sixty days to approve, reject or 
reduce the annual budget and loan order and all supple- 
mental appropriations for the Public Facilities Depart- 
ment 

5. Mayor approves Council action. 

б. There is a 20 -day waiting period following the Mayor's 
approval of a loan order to allow taxpayers to initiate a 
petition for a referendum in order to change the annual 
budget appropriation. 

7. Usually during this time, 20 days, the State Emergency 
Finance Board is asked to approve the borrowing for 
certain classes of loans requiring this. 

8. The Director of Public Facilities assigns the money for 
specific projects and construction for particular schools 
can be carried out. 



RACIAL 

IMBALANCE 

PLAN 



If racial imbalance has been found to exist in the City of Boston, the 
School Committee with the technical advice and assistance of the State 
Board of Education task force will annually prepare a plan to correct 
racial imbalance. This plan will be prepared by a school department 
task force appointed by the Superintendent, utilizing the capabilities 
of the Educational Planning Center (EPC); sent to the superintendent 
for his approval; and passed on to the School Committee for its approval. 



Superintendent Review and Approval of task force racial imbalance plan. 

it 

School Committee Review and Approval of task force racial imbalance 
plan. 

k 

State Board of Education annual review and approval of the Plan. They 
will consult their technical assistance task force for advice and assistance. 



ANNUAL 

BALANCE 

PLAN 



The School Committee will have at its disposal an approved plan to alle* 
viate racial imbalance. This plan will be transmitted to the Public Faci- 
lities Commission whose responsibility it is to develop a long-range capi- 
tal improvement program for the City of Boston. 



CAPITAL 

IMPROVEMENT 

PROGRAM 



The Public Facilities Commission will design a capital improvement pro- 
gram. It will also go through the funding process for the funds for speci- 
fic projects. Once the Commission has developed a program, this docu- 
ment will be transmitted to the Director of the Public Facilities Depart- 
ment, who will carry it out. This plan will be transmitted through the 
Superintendent to the Educational Planning Center of the school depart- 
ment in order that it can draw up an educational program for the schools 
slated for construction by the Capital Improvement Program. 



site selection, acquisition and preparation 




SITE SELECTION. ACQUISITION AND PREPARATION 
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SUPERINTENDENrS REVIEW 



According to Chapter 642 of the General Acts of 1966, the Direc- 
tor of PFD must give written notice of his proposed site selection 
to all officers boards or authorities who will be affected by the 
project. The Superintendent has fourteen days to react. Should 
he disagree with the site recommendation he may file a counter- 
proposal. The Director may accept and adopt this counterproposal. 
If there can be no agreement the Director must then submit his 
own proposal and the Superintendent's counterproposal to the 
State Commissioner of Education. Within 30 days after these are 
^bmitted, the Commissioner must rule on which of the two sites 
is to be adopted. This decision is binding on the Director and the 
Commission as well as the school department. 

SCHOOL BUILDINGS ASSISTANCE BUREAU (SBABl 

This bureau functions within the State Board of Education to pro- 
vide technical advice and assistance ' local school boards on the 
planning, design and construction oi new facilities or renovations 
of existing facilities. It is a bureau which must approve consecutive 
plans if state financial aid is to be awarded. The types of plans and 
documents to be approved are outlined below: 

I. Copies of (1) the educational specifications, (2) the site plan, 
(3) preliminary plans, (4) final plans and specifications, and 
(5) cost fjstimates from contractors must be filed with the 
Bureau. In each case, after copies have been filed conferences 
to discuss such plans with relevant parties will be scheduled. 

II. Verbal approval by SBAB at each of the above five stages is 
necessary for the project to continue, and prior to the adver- 
tising for bids written approval must be obtained by the 
school department for the final plans and specifications. 
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SITE 

RECOMMENDATION 



The Public Facilities Department is responsible for site investigation. 
Consequently, the Department may contract for a feasibility study of 
different locations for a particular school and may ask for suggestions 
from the community, from BRA, from the state and from the school 
department (EPC) in order to represent adequately these agencies in the 
location of a facility. This consultation having been accomplished a 
recommendation will be made to the Superintendent of public schools 
for a particular site for the particular facility. 




Superintendent Review and Approval of the PFD recommendation. 




The Public Facilities Commission selects the site by approving the 
Director's recommendation. 



SITE 

PLAN 



The Public Facilities Department will prepare a plan for land acquisition. 
<At this time PFD may contract for a land survey.) PFD will file the 
site selection recommendation with the School Buildings Assistance 
Bureau, (SBAB), State Board of Education. 

k. 

SBAB Review. The Public Facilities Department will file with School 
Buildings Assistance Bureau a town map, plot plan, topographical map 
and Department of Public Health approval of sewage disposal where 
pertinent. PFD will then await SBAB approval. 



o 
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SECTION 31 of Chapter 486 of the Acts of 1909 is amended by 
Section 12 of Chapter 642 of the Acts of 1962 to read: 

Without obtaining the consent of any other board or officer or further 
authority than that contained in this act the public facilities com- 
misMon, in the name of the city, may acquire by purchase, lease, gift 
devise or otherwise for any municipal purpose a fee simple absolute or 
any lesser interest in any land, public or private, within the limits 
of the city, including air rights and riparian rights, and may take by 
eminent domain under chapter seventy-nine or chapter eighty A of the 
General Laws any such fee or interest except in parks and playgrounds 
and except also, unless there be express consent, in lands belonging to 
or covered by contract with the United States, the commonwealth, 
the Boston Housing Authority or the Boston Redevelopment Authority. 



ACQUISITION 

PLAN 



3 Following SBAB approval^ PFC will develop a land talcing propoaal and 

aibmit this to the State Bureau of ReloGation. This mutt be done no 
later than 3 months prior to acc|uisition. 

Stata Bureau of Relocation. This Bureau will c|ualify the Retocatkm 
Assi st a nce Agency of the Boston Redevelopment Authority (BRA) and 
notify PFC of such no later than three weaks after submisaion to State 
Bureau of Relocation. 



RELOCATION 

PLAN 



PFC will award relocation contract to the Relocation Aasistanoe Agancy 
of BRA and this agancy will prepare a plan. 

jk. 

Stale Bureau of Relocation review PFC or BRA will file the relocation 
plan not latar than one month prior to land taking. 



RELOCATION 

and 

ACQUISITION 

With the relocation contract approved^ relocation will continue (by the 
BRA) and land acquisition will be completed by PFD. 



SITE 

CLEARANCE 



PFD will award a contr a ct for land clea ra nc e and will advise contractor 
when buddings are vacant 



SITE 

PREPARED 



PFD impacts sHe« contracts are fulfilled and land is prepared. 
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•ducitio ni l planning 

This segment is the development of educational programs by the Educational 
Planning Center, under the direction of the Superintendent 






/ 
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SECTION V of Chapter 642 of the General Acts of 1966 

The school committee may prepare and from time to time amend or 
supplement a report of educational specifications and programs for the 
guidance of the commission. The results of all such research and such 
report of the school committee and any amendment or supplement 
thereto shall be submitted to the commission, and may also be made 
available to, and information respecting the same may be disseminated 
to, appropriate agencies of the city, state aiKl federal governments. 




upon notification of the c^>ital improvement program by the Public 
Facilitiei Dep a rtment, the Educational Planning Center (EPC) under the 
direction of the Amociate Superintendent in charge of curriculum and 
planning will prep a re educational specifications for a particular school. 
It will consult an advisory council made up from a wide variety of indivi- 
duato, representing community groups, colleges and universities and 
agencies throui^hout the Greater Boston Area. This program will be sub- 
mitted to the Superintendent for his approval. 

MW 

It is within the purview of the School Committee to submit educational 
spe c ific a tions and programs to the Public Facilities Commission. They 
may do this at any time and with any recommendations. However, such 
recommendations are not binding on PFC's course of action. 




Superintendent's Review and Approval of educational program. 



EDUCATIONAL 

PLANNING 



The Educational Planning Center (EPC) continues to develop the educa- 
tional program in conjunction with relevant de pa rtme n ts of the school 
system in p r ep a r a t i on for the opening of the fecility. EPC should com- 
municate the progress of such planning to the architect at regular inter- 
vals throuf^out the design stage of the project 



EDUCATIONAL 

PROGRAM 

COMPLETE 



EPC complete s p rogram. Prior to the opening of a new facility a princi- 
pal and teachers are appointed, a curriculum exists and students have 
been identified. 



SCHOOL COMMITTEE 
ACCEPTS BUILDING 



Facility construction is complete, educational program, staffing, and 
identifying student body is complete. The School Committee recehret 
the building from PFC. 
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design and construction 



The Public Facilities Department is responsible for establishing "design specifi- 
cations and limitations", engaging an architect for the design and constructing 
the Facility. This is subject to review and approval of different agencies as 
described literally in the next pages and visually on the Display Network. 
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SECTION IV, c & d, of Chapter 642 of the General Acts of 1966 

c. The commission shall not approve the preliminary studies of any 
architect or engineer for any structure or facility, unless a statement 
of functional requirements respecting such structure or facility and 
such studies shall have been submitted by the director to every board, 
officer, authority or body to use such structure or facility in the first 
instance nor until each such board, officer, authority or body has 
filed with the director written comments with respect thereto or 
fourteen ^ys have elapsed after the director's delivering such sub- 
mission without his receiving such comments. 

d. Whenever the superintendent of schools in response to a submission 
of architectural or engineering studies and statement of functional 
requirements with respect to a school building delivered by the direc- 
tor, as provided in this section four, disapproves such site or the 
plans for such school building and files within 14 days a counter- 
proposal specifying a site for such school building or specifying parti- 
cular changes of such plans, without further notice or submission he 
director may recommend and the commission may select the site 
specified in such counterproposal or approve the plans after modifica- 
tion in accordance with such changes of plans specified in such a 
^nterproposal, the director shall submit to the commissioner of 
education copies of such counterproposal and all accompanying 
statements of the superintendent of schools together with the notice 
or submission delivered by the Director and statements of the director 
in support thereof. Within thirty days after a submission to the com- 
missioner of education pursuant to the preceding sentence, the com- 
missioner of education shall notify the director of his selection of the 
site or plans as proposed by the director or as specified in such 
counterproposal, the director shall submit to the commissioner of 
shall be binding upon the director and commission. 
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DESIGN 

REQUIREMENTS 



5 The Public Facilities Department (PFD) will prepare design requirements and 

limitations according to the facilities slated for construction in the Capital Im- 
provement Program. These must be approved by the Superintendent and filed 
with School Buildings Assistance Bureau of the State Board of Education. 




Superintendent's review and approval of the functional requirements and 
limitations. 






School Buildings Assistance Bureau (SBAB) Review. The SBAB requires that 
educational specifications be filed with them prior to a conference to be held 
to review these specifications, involving SBAB and PFD. 



DESIGN 

CONTRACT 

STAGE I 

PFD appointt an architect to fulfill a preliminary design contract The archi- 
tect completes the schematic drawings. These must be submitted to the Public 
Facilities Commission for approval. 




Public Facilities Commission Approval. 



DESIGN 
CONTRACT 
STAGE II 



The architect continues work and completes preliminary plans or basic design. 




Superintendent's Review and Approval. Superintendent must approve the Pre- 
liminary Plans nr exercise his prerogative to submit a counterproposal. 

3BAB Review. PFD will file preliminary plans with SBAB and a conference will 
be held to review the plans. 
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Public Facilitiei Commission Review end ApprovsI. Prelimi^ 

design is complete, PFC must approve them. The initiel design contract has 

been completed at this time. 



DESIGN 
CONTRACT 
STAGE III 



PFD draws up a new contract with the architect. This includes the develop* 
ment of working drawings and contract specifications as well as construction 

supervision. 



PFC reviews the progress of the architect and approves design development 



I 



DESIGN 
CONTRACT 
STAGE IV 



Working drawings and contract specifications are completed by the architect 




Review and Approval of Working Drawings. 






SBAB Review. PFD will file working drawings with SBAB and Schedule a con- 
ference for review. Written approval by SBAB of final plans should be obtained 
before advertising for bids. 




PFC Review and Approval 



CONSTRUCTION 

BIDS 

The Director of PFD will publicly advertise for bids from building con- 
tractors who will bid according to the architect's working drawings and 
specifications. 
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BID 

RECOMMENDATION 



The PFD Director will receive all bids and make a recommendation to SBAB 
if state funding is desired. A conference on grant or reimbursement procedure 
will be held and PFC will file with SBAB a project number and a ''form F" 
estimating the cost of the project. 




PFC Review and Approval. The Commission reviews the Director's recommen> 
dation and enables PFD to award contract. 



CONSTRUCTION 

CONTRACT 

AWARDED 



The Public Facilities Department awards the construction contract; the con- 
tractor signs the contract; PFD signs contract and it is then certified by the 
auditor which insures payment. It is then approved by the law department of 
the City and sent to the Mayor for his approval. Following this the Director of 
PFD directs the contractor to proceed. 



CONSTRUCTION 

CONTRACT 



The construction contract continues under the surveillance of the architect and 
PFD until the facility is complete. 



CONTRACT 

REVIEW 



The Public Facilities Director inspects the building, accepts it as complete from 
the contractor and pays the final fee to the contractor and the architect. 



BUILDING 

TRANSFERRED 

The Public Facilities Commission at this time has fulfilled its function as con- 
structor of an educational facility and it turns the building over to the school 
committee. 



implementation of the generic model using computer techniques 

Within certain limitations of reliability, the processes and decision points 
leading to the opening of a new educational facility for the Boston Public 
Schools can be represented and computed upon as a project network simi- 
lar to those used in advanced industrial projects. Starting from the generic 
model and filling out the details on the basis of functional and judgmental 
information from the entire range of public authorities and contracting 
parties having to do with the project, the authority responsible for its 
completion can develop and maintain a point-to-point model of all tasks 
involved in arriving at the project goal. 







In order to implement the generic model, the educational authority responsible 
for school construction in Boston must undertake a detailed study of the project 
contemplated, in relation to the model . A basic decision on method Is necessary 
at this stage: 

From the outset it must be decided whether or not to utilize computer techniques 
to implement the non-visual, administrative aspects of the particular project net- 
work. In the past ten years a variety of computer program packages has been deve- 
loped to furnish managers with dynamic, quantitative project control tools. One 
such set of techniques has already been applied by General Learning Corporation 
to the Secondary Education Complex. All these packages involve the identifica- 
tion of the critical path in the complete network; that is, the sequence of tasks 
and events (most simply imagined as points and lines) requiring the longest time 
to complete, from project start to project finish. Whether the package is ljbe!led 
Critical Path Method (CPM), Program Evaluation and Review Technique (PERT), 
Least Cost Estimating Schedule System (LESS) or some other acronym, the basis 
of processing remains the same - find the critical path and produce management 
outputs based on the critical-path computation. 

In this discussion of network implementation, it will be assumed that computer 
techniques will be used in dynamically administering projects of the scale indica- 
ted by the generic model network. Clerical documentation and calculation of 
network data is, of course, possible, and would merely involve manual versions of 
the data manipulations carried out at much higher speeds, and with greater flexi- 
bility of output documentation, by existing computer techniques. 

The generic visual model, as presented, shows a virtually complete high-level pro- 
ject network. In order to implement it in planning a particular Boston Public 
Schools project, the project director should select at the outset the computer 
package to be used, create on the basis of the generic network the project network 
to work from (visually this is readily done with transparent overlays on the gene- 
ric network or corresponding to it), and tailor certain aspects of this project net- 
work to the input requirements of the particular computer package adopted. 
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THE PROJECT NETWORK 

For the project director, as well as for the majority of 'networking' computer 
programs available, the project network is best conceptually handled as a com- 
pletely connected 'directed graph' of points and lines. These points and lines, 
though their representations may vary in practice, are conceptually distinguished 
as events and tasks: events are discrete moments in the time-span of a project at 
which a step in the project is begun or ended; tasks (often referred to as activities ) 
are the processes leading from point to point, sometimes with several arriving at 
or originating from one event. Neither 'loops' nor 'loose ends' are permitted in the 
project network; all tasks and events must be located on at least one of the many 
continuous paths from pipject beginning to project end. Delays and repetitions of 
tasks are taken care of sep a r a tely as timing estimates are associated with the ele- 
ments of the project network; thus all tasks are seen to be 'goal-directed'. An event 
from which no real task line leads to another event in the network is not allowed 
to remain as a 'loose end'; conventionally it is connected forward to some related 
event and a timing estimate of zero is used to indicate the 'dummy' nature of this 
connection. Most computer programs for dealing with networks call for a single 
starting event and a single 'target' end event, and in practice this restriction is 

easily satisfied. 

The job of setting up a real-life project network on the basis of the Boston Public 
Schools generic network will demand imagination and flexibility of the project 
directors. The four major areas of activity indicated on the generic network - Long 
Range Planning, Site Selection, Acquisition and Preparation, Educational Program 
and Design & Construction ~ will have variations of inter-relationship and of im- 
portance in each new project. It may prove necessary to identify a series of inter- 
mediate steps (called a 'frag-net' or 'sub-net') between two event points of the 
generic network. New task relationships within, or between, the four major areas 
of activity may be discovered during detailed project study - arising from new 
jurisdictional or material factors in the Boston area. Different levels of detail will 
be found meaningful by the varied entities involved in a school construction pro- 
ject; the project director should establish at the outset a project network for the 
overall management of the project such that a 'v/alk-through' of that network is 
understandable to all the parties concerned, public and private. Thb level of the 
project netwvork should be the master reference level, and project control as well as 
all subsidiary networks should depend on this master reference level of the project 
network. 
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A final word about the project network; the rigor and tight structuring of network* 
ing as found, for instance, in the highly technological aerospace industries, is not to 
be expected in the less-structured environment in which major urban projects are 
carried out. The project director should seek to meet the basic technical criteria 
for computer netwvorking as mentioned in this discussion, while managing the com- 
puter netwrork as a means to the end of coordinating all parties involved toward 
project accomplishment 

TASK/EVENT 

NUMBERING AND LABELLING 

The arrangement suggested by the visual generic network, where ce n ters of project 
responsibility are separated into distinct levels from "Mayor" to "Contractor", is 
readily adapted to numbering the events and tasks in a project network. Each such 
center of responsibility can be assigned a block of event numbers, by the thousands 
or even the ten-thousands (if the computer network package p ermit s ). Events 
within the level of the same center of responsibility are assigned unique numbers 
from the relevant block. Event numbers should be spaced within the block as 
widely as possible to allow both for updating and the numbering of 'frag-nets' 
between events. For ^ (activity) oriented computer p rograms (CPM), tasks are 
uniquely identified by a beginning and an ending event All inputs to and outputs 
from computer networking packages are based on event (or task) numbering that 
is unique; no duplications are permitted. Most such programs, svhether PERT or 
CPM-like, will accept bri^ alpha-numeric descriptive labels as additional input 
and will produce printed outputs using these labels. 

TIMING: TASKS AND EVENTS FOR INPUT 

The project director should oversee the establishment of timings to be assigned to 
all events (PERT) or tasks (CPM) in the network. It is essential that the timing 
estimation be done on a point-toixiint basis as far as possible, without juggling 
adjustments to meet possibly unrealistic intermediate deadlines. Thus, for PERT 
type computer programs it is usually possible to input three different time esti- 
mates, called 'shortest', 'probable', and 'longest', or a calculated mean time and 
variance based on these three, for the tasks preceding each eifenL For CPM-type 
programs a single 'duration' estimate for each task is usually required at input 
Both management science textbooks and the user's manuals for computer net- 
working packages can furnish approaches to deriving objective timing estimates, 
upon which the reliability of the project network will rest 
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DOCUMENTATION MEDIA 
FOR NETWORK INPUT 

The typical network documentation sheet illustrated here has been filled out for 
tasks related to the Secondary Education Complex, but is sufficiently open-ended 
to serve for most standard networking purposes. Besides serving as 'hard-copy' 
documentation of the project network from the beginning, loose-leaf sheets such 
as this example provide for current and easy updating of the computer network. 

COMPUTER PROCESSING 
OF NETWORK DATA 

Computer networking programs generally perform preliminary error-finding rou- 
tines on the inputs described above, testing the completeness and connectedness 
of the network, as well as detecting 'loops' and 'loose ends' if any are present 
Processing then goes on to locate, by a series of sorts and additions, the one se- 
quence of tasks (and events, of course) which has the longest overall duration of 
all such paths in the network. This unique sequence is identified as the critical 
path , and all subsequent computations are related to it Then, for all tasks on 
paths other than the critical path, a value of 'slack' or 'float' in time units is calcu- 
lated, telling how much slippage is allowed that task before it affects the critical 
path scheduling of the entire network. Naturally, critical path tasks have zero 
float associated with them; any slippage here delays the entire project 

OUTPUT ALTERNATIVES OF 
COMPUTER NETWORKING PACKAGES 

From the inputs and computations described above, the project director can usu- 
ally obtain a variety of printed project control documents, depending on the 
features of the package utilized. All programs furnish tabulations of the events 
(PERT) or tasks (CPM) in the network, highlighting those on the critical path and 
stating 'slack' or 'float' for all. Tabulation also details earliest and latest start 
timing and earliest and latest finish timings for each task or event - earliest and 
latest timings being identical for all points on the critical path. These results may 
be furnished either elapsed time units relative to time zero (project start) or in 
calendarized form in many cases. Usually it is possible to have output sorted on 
one or more key factors, such as 'float' value or earliest start date for a task or 
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